Human blood monocytes cultured for 5-7 d bound apoB-and/or apoE-containing lipoproteins from different species with affinities equivalent to those demonstrated for the receptors on cultured human fibroblasts. Low density lipoproteins competed effectively and completely with 125I-beta-VLDL for binding to and degradation by monocyte-derived macrophages. Specific polyclonal antibodies to bovine apoB,E(LDL) receptors abolished both LDL and beta-VLDL uptake by normal human monocyte-macrophages. Immunoblots of monocyte-macrophage extracts with these antibodies revealed a single protein in human macrophages with an apparent molecular weight identical to that of the apoB,E(LDL) receptor found on human fibroblasts. Like receptors on cultured human fibroblasts, the apoB,E(LDL) receptors on monocytemacrophages responsible for 125I-beta-VLDL and 125I-LDL uptake were efficiently down regulated by preincubation of the cells with beta-VLDL or LDL. Finally, monocytemacrophages from seven homozygous familial hypercholesterolemia subjects were unable to metabolize beta-VLDL or LDL, but demonstrated normal uptake of acetoacetylated LDL. The classic apoB,E(LDL) receptors on human monocyte-macrophages thus mediate the uptake of beta-VLDL by these cells.
Introduction
The development of diet-induced atherosclerosis is associated with the accumulation of cholesterol-enriched remnant lipoproteins ofintestinal and hepatic origin; these are referred to as f3-VLDL (for review, see references 1-3). Experimental animals fed a high-cholesterol diet accumulate large quantities of these chylomicron and VLDL remnants in their plasma. Coincidental with the appearance of f3-VLDL in their plasma is the deposition of cholesteryl esters in the macrophages in a variety of tissues (3, 4) . The sequestration of cholesteryl esters by the macrophages appears to result from the specific uptake of these lipoproteins through a receptor-mediated mechanism (5, 6) . The most common mechanism of extrahepatic cellular uptake of lipoproteins is through the well-described apolipoprotein (apo) B,E(LDL) receptor pathway (7) . However, results from initial studies using mouse peritoneal macrophages as a model for tissue macrophages showed that these cells bind and internalize only small amounts of LDL, whereas f,-VLDL are actively taken up and degraded (5, 6) . Furthermore, LDL were not effective competitors of ,B-VLDL degradation by mouse peritoneal macrophages (5, 6) .
On the basis of these observations, it was proposed that a specific population of receptors on mouse peritoneal macrophages, different from the classic apoB,E(LDL) receptor, mediated the uptake of f3-VLDL and the development of these cells into foam cells (5, 6) . Recent studies, however, have shown that the uptake off3-VLDL by mouse peritoneal macrophages is mediated not by a specific ,B-VLDL receptor, but by an apoB,E(LDL) receptor (8, 9) . One property differentiating the mouse apoB,E(LDL) receptor on macrophages from the classic apoB,E(LDL) receptor is its binding affinity for LDL; the LDL bound to mouse peritoneal macrophages with a 10fold lower affinity than to cultured human fibroblasts (8) . This unexpectedly low affinity for LDL, compounded by the smaller number of apoB,E(LDL) receptors on mouse peritoneal macrophages (8) , resulted in the modest uptake of LDL by mouse peritoneal macrophages. Furthermore, recent studies by Tabas et al. (10) indicated that mouse peritoneal macrophages displayed defective acyl CoA:cholesterol acyltransferase (ACAT)' activation by LDL, even under conditions where receptor-mediated LDL uptake and degradation had taken place. Such inability to esterify LDL-derived cholesterol would exaggerate the effect of the smaller number of apoB,E(LDL) receptors, making it appear that there are even fewer apoB,E(LDL) receptors on these cells.
In addition, whereas the classic apoB,E(LDL) receptors on human fibroblasts are exquisitely sensitive to down regulation by cholesterol derived from LDL and ,B-VLDL, the apoB,E(LDL) receptors on mouse peritoneal macrophages are poorly down regulated (8) . Because of the insensitive regulation of receptor levels in these cells, high levels of intracellular cholesteryl esters accumulate when the cells are incubated with f3-VLDL, converting the macrophages into foam cells (5, 6) .
Although mouse peritoneal macrophages internalize fl-VLDL via apoB,E(LDL) receptors, other evidence suggested that human monocyte-derived macrophages may express an additional receptor that binds fl-VLDL but not LDL (1 1). To determine the contribution of the apoB,E(LDL) receptor to #-VLDL uptake, Van Lenten et al. ( 11) studied the uptake of f-VLDL by monocytes derived from an individual homozygous for familial hypercholesterolemia (FH). These investigators found that while LDL degradation was vastly impaired as a result of the genetic deficiency of apoB,E(LDL) receptor expression, degradation of rabbit (l-VLDL by these cells approached normal levels.
In the present study, we examined in detail the receptors responsible for fl-VLDL uptake by human monocyte-derived macrophages. were obtained from the indicated suppliers. Cell cultures. Blood was obtained from 20 healthy volunteers, 7 patients with homozygous familial hypercholesterolemia, and 1 patient with the heterozygous form of FH. Acid citrated dextrose was used as an anticoagulant. Mononuclear cells were isolated by Ficoll-Hypaque density centrifugation according to the method of B0yum (12). The mononuclear cells were gently aspirated from the interface and washed three times. The cells were then resuspended in DME and transferred by aliquot into 22or 35-mm plastic tissue culture wells. After incubation at 37°C for 45-60 min, the wells were washed three times with DME to remove nonadherent cells. The adherent monocytes were either used immediately for experiments or were cultured an additional 5-7 d to produce monocyte-derived macrophages. The culture medium consisted of DME with human serum (20%), penicillin (100 U/ml), and streptomycin (100 ,ug/ml) and was replaced every other day.
Monolayers of normal human fibroblasts were cultured as described (13). Fibroblasts were seeded 5 d before each experiment and grown in DME containing 10% fetal calf serum. Preparation of lipoproteins. Human LDL (d = 1.02-1.05 g/ml) were prepared by sequential ultracentrifugation of plasma from normal, fasted volunteers (13). Diketene modification of human LDL to yield acetoacetylated LDL (AcAc LDL) was performed as described by Weisgraber et al. (14) . The #l-VLDL and apoE HDLC (cholesterol-induced plasma high density lipoproteins in which apoE is the sole protein constituent) were derived from dogs made hyperlipidemic (plasma cholesterol > 700 mg/dl) by a semisynthetic diet containing coconut oil and cholesterol (15) . The ,-VLDL were isolated from the d < 1.006 g/ml fraction of plasma by Pevikon block electrophoresis as described (15) . The d = 1.006-1.02 g/ml fraction ofthe hyperlipidemic canine plasma was also subjected to Pevikon block electrophoresis to yield apoE HDLI. Human ,-VLDL were isolated as above from the plasma of an atypical type III hyperlipoproteinemic subject after an overnight fast (16) . Rabbit ,B-VLDL were isolated as the d < 1.006 g/ ml fraction from hyperlipidemic rabbit plasma. All lipoproteins were dialyzed against 0.15 M NaCl/0.0l% EDTA (pH 7.2) before use. Lipoprotein-deficient human serum (LPDS, d > 1.215 g/ml) was prepared by ultracentrifugation of normal human plasma followed by a 24-h dialysis against 0.15 M NaCl/0.0I% EDTA (pH 7.2) and a 48-h dialysis against PBS (pH 7.2).
The cholesterol concentrations of the various lipoproteins were assayed by the enzymatic spectrophotometric assay from Bio-Dynamics (Boehringer Mannheim Corp., Indianapolis, IN), and protein concentrations were determined by the method of Lowry et al. (17) .
Iodinated lipoproteins ('25I-LDL and '25I-fl-VLDL) were prepared by the iodine monochloride method (18) and had specific activities of between 200 and 400 cpm/ng of protein for LDL and 400 and 900 cpm/ng of protein for fl-VLDL. The Bolton-Hunter procedure was followed for the iodination of apoE HDLC and yielded specific activities of between 400 and 1,000 cpm/ng of protein (19).
Preparation of antibodies. Antibodies raised against the purified bovine apoB,E(LDL) receptor in New Zealand White rabbits were prepared by Dr. David Hui ofthe Gladstone Foundation Laboratories. The IgG was isolated by protein A-Sepharose affinity chromatography (20) and dialyzed against phosphate-buffered saline before use. Protein concentrations were determined by the method of Lowry et al. (17) .
Western blot analysis showed that the IgG preparations used in the present studies specifically recognized only apoB,E(LDL) receptors from extracts of human fibroblasts or bovine adrenal glands. In addition, this preparation of apoB,E(LDL) receptor antibodies blocked '25I-LDL binding to both human fibroblasts and canine liver membranes.
Lipoprotein binding assays. Binding assays were performed in 22or 35-mm wells containing 1-2 X 101 monocytes, monocyte-derived macrophages, or confluent human fibroblasts. Unless otherwise stated, 2 d before assay, the cells were cultured in 10% LPDS instead of fetal calf serum or normal human serum to induce maximal apoB,E(LDL) receptor expression. Cell-surface binding assays were performed at 4°C for 4 h as described (21). Nonspecific binding was defined as the amount of radiolabeled lipoprotein bound in the presence ofa 100-fold excess of unlabeled ligand. The data were analyzed according to the method of Scatchard (22) to determine equilibrium dissociation constants (Kd). In competition experiments, a constant amount of 125I_#_ VLDL was present and the concentrations of the unlabeled competing ligands were varied. In experiments in which anti-apoB,E(LDL) receptor IgG was used, preimmune IgG was used as a control. Measurement ofcholesterol esterification. Lipoproteins were added to the cells along with 0.2 mM ['4C]oleate/albumin and incubated at 37°C for 16-18 h (23, 24). Lipids were extracted and cholesteryl esters were isolated by thin-layer chromatography. The amount of cholesteryl ['4C]oleate was determined by liquid scintillation counting with [3H]cholesteryl oleate added as an internal standard (23). The lipoprotein-induced ['4C]oleate incorporation was defined as the difference between the amount of ['4C]oleate incorporated in the presence and absence of added lipoproteins. The amount of ['4C]oleate incorporation in the absence of lipoproteins was usually less than 1 nmol/mg of cell protein.
Assay for lipoprotein degradation. lodinated lipoproteins were added to the cell cultures in DME and were incubated at 37°C for 12-16 h. The extent of proteolytic degradation was determined by measuring the amount of 125I-labeled trichloroacetic acid-soluble material ('251-monotyrosine) (24, 25) . Nonspecific degradation was defined as the amount of degradation observed in the presence of a 100-fold excess of unlabeled lipoprotein.
Western blots. Immunoblots of cell membrane proteins were performed as described (26). Briefly, Triton X-100 extracts of human monocyte-macrophages or fibroblasts were electrophoresed in 7.5% polyacrylamide-SDS gels under nonreducing conditions and were obtained by the method of Beisiegel et al. (27) in the presence of 0.5 mM PMSF, 0.5 mg of leupeptin/ml, 10,000 KIU of Trasylol, and turkey trypsin inhibitor and soybean trypsin inhibitor (15 ug/ml).
The proteins were transferred electrophoretically to nitrocellulose paper as described (28) . Immunoblotting was performed using 50 ug of Human Macrophage Lipoprotein Receptors 1333 apoB,E(LDL) receptor antibody/ml, and bound antibody was detected by incubation ofthe blot with 125I-labeled donkey anti-rabbit IgG (1-2 X 106 cpm/ml). Autoradiographs were obtained by exposing the dried blots to Kodak XS-5 film and Cronex enhancing screens.
Results
Lipoprotein binding characteristics of human monocyte-derived macrophages. The binding of several 1251-labeled lipoproteins to the surface of human monocyte-derived macrophages was measured at 4VC. The binding ofhuman 125I-LDL, canine 125I-apoE HDL, and canine '25I-f3-VLDL to cultured monocyte-macrophages was both saturable and concentration dependent ( Fig. 1 ). Analyses of the data according to the method of Scatchard (22, 23) demonstrated that the human monocyte-macrophages bound '25I-LDL with a Kd = 1.65±0.07 ,ug/ml (n = 3; ±SD) and '251-apoE HDLC with a Kd = 0.04 Mg/ml (n = 2). At receptor saturation, the ratio of LDL to apoE HDLC bound to the cells was 4.8:1, which is similar to the ratio of 3.6:1 for the binding ofthese lipoproteins to the classic apoB,E(LDL) receptors on cultured human fibroblasts (29) . The human monocyte-macrophages bound f3-VLDL with a Kd = 0.12±0.07 j.g/ml (n = 4; ±SD), which is also similar to that of human fibroblasts for this class of lipoproteins.
Specificity ofthe lipoprotein receptorfor f-VLDL. effective competitors. The cell-surface binding of '251-f3-VLDL by monocyte-macrophages at 4°C was specifically inhibited by unlabeled LDL, with 50% inhibition achieved at 15 ,ug of LDL protein/ml (Fig. 2, top) . The LDL were also effective competitors for the degradation of '25I-fl-VLDL by the human monocyte-macrophages (Fig. 2, bottom) . The LDL inhibited 1251# VLDL degradation by human monocyte-macrophages completely, with 50% inhibition achieved at 30 Mg of LDL protein/ml. Identical results were obtained when adherent monocytes were isolated and studied on the same day (data not shown).
The ability of LDL to inhibit the degradation of rabbit j3-VLDL from cholesterol-fed hypercholesterolemic rabbits and human fl-VLDL from a type III hyperlipidemic subject was also examined. As shown in Fig. 3 , the degradation of rabbit, canine, and human '25I-fl-VLDL by human monocytemacrophages was abolished by unlabeled human LDL. Thus, it appears that the same population of receptors binds, internalizes, and degrades both LDL and fl-VLDL from three species.
Inhibition of fl-VLDL uptake by an antibody to the apoB,E(LDL) receptor. To clarify further whether the uptake of,B-VLDL by human monocyte-macrophages was mediated by the apoB,E(LDL) receptor, the cells were first preincubated with varying concentrations of a polyclonal antibody that blocks apoB,E(LDL) receptor activity (8) . Cultured human fibroblasts were also included as a positive control. Human 1251I-LDL or canine '25I-f3-VLDL were then added, and their degradation in the presence or absence of the antibody was measured. Fig. 4 shows that the antibody inhibited degrada- Immunoblots of apoB,E(LDL) receptors. The same apoB,E(LDL) receptor antibody was used for immunoblots to characterize the apoB,E(LDL) receptors on human-monocyte macrophages, cultured human fibroblasts, and mouse peritoneal macrophages. As previously reported (8) , and as illustrated in Fig. 5 , the apoB,E(LDL) receptor on mouse peritoneal macrophages has an apparent molecular weight slightly lower than that of the human fibroblast receptor. Human monocyte-macrophages possessed a single immunoreactive band with an apparent molecular weight identical to that detected on human fibroblasts.
Regulation of lipoprotein receptors on human monocytemacrophages. Previous studies using mouse peritoneal macrophages demonstrated that the apoB,E(LDL) receptors on these cells were poorly down regulated by extracellular cholesterol compared with the receptors on human fibroblasts. To deter- mine if this is also a property of apoB,E(LDL) receptors on human monocyte-macrophages, the binding of canine 125I-#-VLDL and human 125I-LDL to human monocyte-macrophages and human fibroblasts was examined after preincubation of the cells for 48 h with increasing concentrations of fl-VLDL. After preincubation with j3-VLDL, both human monocyte-macrophages and human fibroblasts demonstrated equivalent dose-dependent down regulation of 1251I-#-VLDL and '25I-LDL binding (Fig. 6 ). Down regulation of the apoB,E(LDL) receptor content was also assessed by immunoblots using the polyclonal antibody made against bovine apoB,E(LDL) receptors. Densitometric scans of autoradiograms demonstrated that the apoB,E(LDL) receptor content was efficiently decreased by preincubation of the cells with f3-VLDL ( Fig. 6 A, inset) .
Lipoprotein-induced cholesterol esterification and lipoprotein degradation by human monocyte-macrophages from homozygous familial hypercholesterolemic subjects. To confirm that the uptake of(3-VLDL by human monocyte-macrophages was mediated by the apoB,E(LDL) receptor, cells from seven patients with the homozygous form of FH were investigated. Since and '251-(3-VLDL (B) binding to monocyte-macrophages (e) or fibroblasts (o). Human monocyte-derived macrophages or human fibroblasts were incubated with the indicated concentrations of #-VLDL in DME containing 10% lipoprotein-deficient serum (LPDS) for 48 h at 37°C. The cells were then washed and further incubated in DME jects (summarized in Table I ) are typical of those with this genetic disorder. As Fig. 7 A clearly were degraded by the FH cells. In addition, in comparison with normal monocyte-macrophages, these lipoproteins induced only minimal amounts of cholesteryl [14C]oleate in the FH monocyte-macrophages ( Fig. 7 B) . AcAc LDL were used as a control since the internalization of these lipoproteins is mediated by the acetyl-LDL, or scavenger, receptor which is normally expressed in both normal and FH cells (32) . Similar amounts of AcAc LDL were degraded in both cell types ( Fig. 7  A) . In addition, cholesteryl ester formation induced by AcAc LDL was equivalent in normal and FH cells ( Fig. 7 B) . The cells for the experiment shown in Fig. 7 were derived from homozygote S. J. Bilheimer et al. (30) have shown that S.J. has one LDL receptor allele that produces no LDL receptor (null allele); the other allele produces nonprocessed receptors. Results from all seven subjects are summarized in Tables II and  III . In all cases, FH cells demonstrated little or no uptake and degradation of '25l-LDL, as expected. The relative inability of these cells to degrade #-VLDL and to esterify the internalized cholesterol parallel their relative inability to metabolize 125I-LDL, indicating that no separate pathway exists in these cells for the receptor-mediated uptake of f-VLDL. Monocyte-macrophages from the single heterozygous FH subject (R.M.) showed an intermediate level of uptake of both (i-VLDL and LDL (Tables II and III) , i.e., the uptake levels were between those for the homozygous FH subjects and those for normal subjects (data not shown).
Discussion
Previously, Van Lenten et al. (1 1) described the uptake and degradation of rabbit fl-VLDL by human monocyte-macrophages. These features were noted: (a) The process was dependent on Ca2+, (b) the uptake of LDL and fl-VLDL was highest soon after the monocytes were cultured and tended to decline with time in culture, (c) the uptake of both lipoproteins was mediated by a specific high-affinity process, (d) the process was up regulated by lipoprotein-deficient serum in the medium and down regulated by preincubation of the cells with sterol in the medium, and (el the receptor activity recognized lipoproteins (at least in part) by their apoE content (1 1). There was, however, one key difference between the degradation of LDL and f3-VLDL by the human monocytes. In monocytes from a homozygous FH patient, the amount of 1251I-labeled rabbit #l-VLDL that was degraded was only slightly reduced compared with that of normal human monocytes (1 1). In contrast, the amount of 1251I-labeled human LDL degraded was Fig. 7 and incubated for 18 h with '25I-labeled lipoproteins at 370C, and degradation was determined as described in Methods. * AcAc LDL, acetoacetylated LDL. § All data are presented as a percentage of the specific (LDL, fl-VLDL) or total (AcAc LDL) degradation of a parallel normal control and as ug of lipoprotein degraded/mg of cell protein. "lND. ' FH heterozygote. greatly reduced in these cells. These results were interpreted as confirmation of the suggestion by Goldstein et al. (5) that the receptor recognizing fl-VLDL was a genetically distinct receptor similar to the postulated "f3-VLDL receptor" on the cell surface of mouse peritoneal macrophages. However, our studies (8) demonstrated that mouse macrophages contain an unusual apoB,E(LDL) receptor instead of a genetically distinct fl-VLDL receptor. Therefore, the present study was undertaken to clarify potential differences between these particular mouse and human cells with respect to the presence or absence of the fl-VLDL receptor. The data obtained in our study demonstrate that human macrophages derived from circulating monocytes bind and internalize fl-VLDL by an apoB,E(LDL) receptor pathway that appears to be identical to the classic apoB,E(LDL) receptor described on cultured human fibroblasts. The following evidence indicates that the internalization of fl-VLDL by human monocyte-macrophages is mediated by the apoB,E(LDL) receptor: (a) binding and degradation of f-VLDL can be completely inhibited by excess unlabeled LDL or by preincubation with an antibody that blocks apoB,E(LDL) receptor activity; (b) the apoB,E(LDL) receptor antibody that abolishes f3-VLDL uptake by human macrophages recognizes a single band (the apoB,E(LDL) receptor) on immunoblots of extracts of human macrophages; (c) the affinities of the receptors on human monocyte-macrophages for ,B-VLDL, apo-E HDLC, and LDL are similar, if not identical, to the affinities of the classic apoB,E(LDL) receptors on human fibroblasts for these same lipoproteins; (d) the expression of the apoB,E(LDL) receptor was down regulated equivalently in human fibroblasts and human monocyte-macrophages by preincubation of the cells with ,B-VLDL; and (e) macrophages derived from blood monocytes from seven patients with homozygous FH degraded very little (if any) fl-VLDL.
These results agree with previous studies that demonstrated that mouse peritoneal macrophages also internalize f3-VLDL through an apoB,E(LDL) receptor (8, 9) . However, in contrast to the apoB,E(LDL) receptor on human monocytemacrophages, the mouse apoB,E(LDL) receptors differ from the classic apoB,E(LDL) receptors in apparent molecular size ( Fig. 5 ), binding affinity for LDL (32.9 jg/ml for mouse peritoneal macrophages vs. 1.65 ;g/ml for human monocyte-macrophages), and relative sensitivity to down regulation when compared with human fibroblasts (8) .
Our conclusion that the apoB,E(LDL) receptor on human monocyte-macrophages is responsible for the uptake of f3-VLDL differs from that of several previous studies. Although the reasons for these differences are not fully understood, there are several plausible explanations for the differences. The evidence for a distinct f3-VLDL receptor was based primarily on two results: a 25-fold excess of LDL did not completely inhibit '25I-f3-VLDL degradation, and the monocyte-macrophages from a single individual with homozygous FH appeared to degrade f3-VLDL at levels approximating normal controls, whereas LDL degradation was minimal (1 1). We now know that because f,-VLDL bind with much higher affinity to the apoB,E(LDL) receptor than LDL, a 25-fold excess of LDL would not completely inhibit the '25I-fl-VLDL degradation.
Therefore, the partial inhibition of i3-VLDL degradation at a 25-fold excess of LDL reported previously and confirmed in this study can be explained as a difference in the affinities of the two lipoprotein ligands (see reference 33 hyperlipoproteinemia (1-3) . These lipoproteins are not normally found in the plasma from fasted, normal individuals. However, VLDL and chylomicron remnants that are found in normal individuals resemble the fi-VLDL (2) .
Van Lenten et al. (36) have demonstrated that chylomicron remnants enter human monocyte-macrophages by the same pathway as f3-VLDL. In view of results from the present studies, chylomicron remnants would be expected to be taken up by the apoB,E(LDL) receptors on human monocyte-macrophages. Indeed, Floren and Chait (38) have shown that chylomicron remnants are internalized by human monocyte-macrophages through the classic apoB,E(LDL) receptor pathway equivalent to that in cultured human fibroblasts.
The results presented here and in previous studies (8, 9) suggest that the propensity of monocytes to become foam cells when incubated with cholesterol-enriched lipoproteins, such as f3-VLDL, is not a result of the presence of a unique population of receptors for these lipoproteins. The overaccumulation of cholesteryl esters by the monocyte-macrophages, despite a well-regulated apoB,E(LDL) receptor pathway, argues that the formation of foam cells by human monocyte-macrophages results from other properties of these cells. For example, Tabas et al. (10, 39) showed that mouse peritoneal macrophages did not esterify appreciable amounts of LDL-derived cholesterol even though these lipoproteins were apparently internalized and degraded by the cells. Since fl-VLDL could induce significant cholesteryl ester accumulation in mouse peritoneal macrophages, the inference is that LDL-derived cholesterol is processed differently than fl-VLDL-derived cholesterol. Likewise, it is possible that fl-VLDL-derived cholesterol is handled differently in human monocyte-macrophages compared with human fibroblasts. Foam cell formation could arise in part from non-receptor-mediated endocytotic uptake of cholesterol-enriched lipoproteins in the prolonged presence of concentrations of these lipoproteins far above the saturating concentration for the receptors. Alternatively, the efflux ofcholesterol from a cholesteryl ester-loaded monocyte-macrophage may be impaired because of the paucity of cholesterol acceptors in hypercholesterolemic plasma (1) . In addition, the regulation of intracellular cholesterol levels and intracellular sites ofcholesterol storage may be important, e.g., the availability of cholesterol for effilux from monocyte-macrophages may differ from that observed in other cells. In fact, Pitas et al. (40) have demonstrated that cholesterol in macrophage foam cells in rabbit atherosclerotic lesions is resistant to mobilization by cholesterol acceptors in the medium. A combination of properties unique to these cells may account for the formation of foam cells in response to chylomicron and VLDL remnants.
